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Abstract 
 
The Raman spectra of shortite and barytocalcite complimented with infrared spectra 
have been used to characterise the structure of these carbonate minerals. The Raman 
spectrum of barytocalcite shows a single band at 1086 cm-1 attributed to the (CO3)2- 
symmetric stretching mode, in contrast to shortite where two bands are observed.  The 
observation of two bands for shortite confirms the concept of more than one 
crystallographically distinct carbonate unit in the unit cell. Multiple bands are 
observed for the antisymmetric stretching and bending region for these minerals 
proving that the carbonate unit is distorted in the structure of both shortite and 
barytocalcite.   
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Introduction 
 
 Some five minerals are known that consist of double salts of BaCO3 and the 
smaller alkaline earth carbonates [1]. These minerals are norsethite [BaMg(CO3)2] [2-
6], alstonite [BaCa(CO3)2] [7-10], barytocalcite [BaCa(CO3)2] [7, 11-15], ewaldite 
[Ba3Ca2(CO3)5] [16-18], and benstonite [Ba6Ca7(CO3)13] [1, 6, 19-21]. The structure 
of barytocalcite has been determined [15]. Chang proved that barytocalcite was an 
ordered form of the 1:1 compoistion that undergoes a phase transition at 525 °C [22].  
Alstonite has a disordered structure and is related to the structure of aragonite. Some 
infrared data are available for these barium double carbonates [7].   
 
Raman spectroscopy has proven very useful for the study of minerals [23-25]. 
Indeed Raman spectroscopy has proven most useful for the study of diagentically 
related minerals as often occurs with carbonate minerals [26-30].  Some previous 
studies have been undertaken by the authors using Raman spectroscopy to study 
complex secondary minerals formed by crystallisation from concentrated sulphate 
solutions [31].  Very few spectroscopic studies of selected carbonates such as 
barytrocalcite and shortite have been forthcoming and what studies that are available 
are not new. Few Raman studies of any note are available [32, 33].  The aim of this 
paper is to present Raman and infrared spectra of natural hydrated double carbonates 
including pirssonite, gaylussite and tunisite.   The paper is a part of systematic studies 
of vibrational spectra of minerals of secondary origin in the oxide supergene zone and 
their synthetic analogs.         
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Experimental 
 
Minerals 
 
Selected minerals were obtained from the Mineralogical Research Company 
and other sources including Museum Victoria.  The samples were phase analysed by 
X-ray diffraction for phase analysis and for chemical composition by EDX 
measurements.  
 
Raman microprobe spectroscopy 
 
The crystals of the carbonates  were placed and oriented on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Details of the technique have been published by the authors [34-37]. 
 
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to 
noise ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Results and discussion 
 
 There are four known alkali double carbonates that are anhydrous salts. These 
are eitelite Na2Mg(CO3)2, shortite Na2Ca(CO3)2, buetchlite K2Mg(CO3)2 and 
fairchidlite Na2Mg(CO3)2.  As well as the alkali double carbonates there is a group of 
minerals formed which consist of the double salts of BaCO3 and smaller alkaline earth 
carbonates as is detailed above. It is interesting to compare the vibrational 
spectroscopy of the minerals shortite and barytocalcite. 
 
The free ion, CO32- with D3h symmetry exhibits four normal vibrational 
modes; a symmetric stretching vibration (ν1), an out-of-plane bend (ν2), a doubly 
degenerate asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4). 
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The symmetries of these modes are A1´ (R) + A2´´ (IR) + E´ (R, IR) + E´´ (R, IR) and 
occur at 1063, 879, 1415 and 680 cm-1 respectively. Generally, strong Raman modes 
appear around 1100 cm-1 due to the symmetric stretching vibration (ν1), of the 
carbonate groups, while intense IR and weak Raman peaks near 1400 cm-1 are due to 
the antisymmetric stretch (ν3). Infrared modes near 800 cm-1 are derived from the out-
of-plane bend (ν2). Infrared and Raman modes around 700 cm-1 region are due to the 
in-plane bending mode (ν4). This mode is doubly degenerate for undistorted CO32- 
groups. As the carbonate groups become distorted from regular planar symmetry, this 
mode splits into two components. Infrared and Raman spectroscopy provide sensitive 
test for structural distortion of CO32-. 
 
 The Raman and infrared spectra of shortite and barytocalcite are shown in 
Figures 1 and 2 respectively.  The Raman spectrum of shortite shows two intense 
bands at 1072 and 1091 cm-1 assigned to the (CO3)2- ν1 symmetric stretching 
vibration. Based upon the infrared data of Adler and Kerr [7] two infrared bands at 
1069 and 1089 cm-1 were listed in Farmer’s treatise on the infrared spectra of 
minerals.  In the infrared spectra of shortite (Figure 2) two infrared bands at 1070 and 
1089 cm-1 are observed, even though these bands are forbidden; the reduction in 
symmetry of the carbonate anion in shortite structure enables the bands to be 
observed. These values are in good agreement with the previously published data by 
Adler and Kerr [7].  In contrast the Raman spectrum of the mineral barytocalcite 
shows a single band at 1086 cm-1.  Whilst no Raman spectra of barytocalcite have 
been published infrared bands at 1081 and 1087 cm-1 were tabled [7, 10].  In the 
infrared spectra of barytocalcite obtained in this work only a single band at 1079 cm-1 
was found.  
 
 In the Raman spectrum of shortite no Raman bands in the position of the 
(CO3)2- ν3 antisymmetric stretching region were observed. According to Adler and 
Kerr infrared bands for shortite were observed at 1410, 1453, 1481 and 1522 cm-1.  In 
our infrared spectra a number of component band may be resolved from the broad 
spectral profile of shortite; infrared bands at 1387, 1403, 1436, 1466 and 1535 cm-1 
are found.  The (CO3)2- ν3 antisymmetric stretching region shows considerable 
complexity confirming a reduction in symmetry of the (CO3)2- anion to C2v or Cs.  In 
the Raman spectrum of barytocalcite a band is observed at 1512 cm-1 which is 
assigned to the ν3 antisymmetric stretching vibration. According to Adler and Kerr 
four bands at 1366, 1406, 1462 and 1511 cm-1 are ascribed to these vibrations. This 
complexity is also observed in our infrared spectra of barytocalcite; infrared bands are 
resolved at 1342, 1362, 1397, 1447 and 1523 cm-1. These values are in reasonable 
agreement with the data of Adler and Kerr.  
 
 In the Raman spectrum of shortite no bands in either ν2 or ν4 bending region 
were observed.  In the infrared spectra of shortite two bands were found at 849 and 
865 cm-1 and are assigned to the ν2 out of plane bending modes.  Three bands in the 
infrared spectrum were published by Adler and Kerr at 851, 867 and 873 cm-1.   In the 
infrared spectrum four bands at 694, 710, 718 and 730 cm-1 are assigned to the ν4 
bending modes.  Adler and Kerr reported bands at 693, 709, 719 and 730 cm-1. The 
agreement between the two sets of data is excellent. A very low intensity band at 879 
cm-1 is observed for barytocalcite and is assigned to the ν2 out of plane bending mode.  
In the infrared spectrum of barytocalcite two intense bands at 864 and 877 cm-1 are 
assigned to this bending mode.  In the Raman spectrum of barytocalcite two bands at 
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691 and 717 cm-1 are assigned to the ν4 bending mode. In the infrared spectrum 
multiple bands at 678, 694 and 722 cm-1 are observed and are assigned to the ν4 
bending modes.  
 
 In the Raman spectra of shortite and barytocalcite a number of low 
wavenumber bands are observed. For shortite bands are observed at 265, 201, 171 and 
141 cm-1.  For barytocalcite bands are observed at 312, 266, 202, 158 and 132 cm-1. 
Bands in this spectral region are not observed in the infrared spectrum because the 
ATR cell cuts off the incident radiation.  These bands are simply described as lattice 
vibrations.  No intensity was observed in the Raman or infrared spectra of these 
minerals confirming the anhydrous nature of these minerals. 
Conclusions  
 
 The anhydrous carbonates shortite and barytocalcite were characterised by 
both Raman and infrared spectroscopy. These double carbonates are characterised by 
(CO3)2- ν1 stretching bands around 1070 to 1090 cm-1.  Two bands were observed for 
the (CO3)2- ν1 stretching vibrations of shortite indicating two different carbonate units 
in the shortite structure. The position of the band appears to be dependent on the 
symmetry of the carbonate units in the structure. The observation of two bands for 
shortite confirms the concept of more than one crystallographically distinct carbonate 
unit in the unit cell. Multiple antisymmetric stretching modes are, however, observed 
for both shortite and barytocalcite indicating distortion of the carbonate unit in the 
crystal. This distortion is also observed by the number of bands in the ν4 in phase 
bending region where multiple bands are observed for both minerals.  
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List of Figures 
 
Figure 1 Raman spectra of shortite and barytocalcite in the 100 to 1700 cm-1 
region. 
 
Figure 2 Infrared spectra of shortite and barytocalcite in the 600 to 1700 cm-1 
region. 
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